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0J *B * 

[oooi] ro^^ii, m^mm^w^^m^MM^v^ wmzm&omm%m 
z>b<Dx%>z> a 

[0002] z(Dm<Dm^m^^^\muzm$&*v^'<^xbL>x > m%9>-yj*T?±x 

ttV(£lT> TMRAM; Magnetic random access memory jttjV^o ^fcJ^tl/fV^ 

[0003] fc£*LTl ^MRAMfL g!;*;^5l}g£nL (GMR ; Giant magneto-resistive 

MR$}$kt ft. M\YM% Wo ft l-f&o fc¥fT^ 2o ©Itl fc*3 rt&mtJj IrI ^ N 
^;Pseudo spin valve SO SStfe'MT^S! WVl^jspin valveSD 

itffimmttt^ 2^<D&M&ft<Dm£ttm&mmvxmn<DW&*&£x*ffi 
cu) /=i^vh (co) j (Dm^m^t^(Dmm.itm%, 6~8%sa©/hs^t 

T'fc^o — 3£&'WT;*Mtf>MRAM{i, GMR^J^ 
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m&& I" e Grvlsitl/ (PtMn) /3>*/V'HBc (CoFe) /<H (Cu) / CoFeJ iUfci^O 
[0004] rjif>©/a*jJRfct5fcftfc, h^«ft8fta*(^T, rTMRS6*j^V^5o 

6k* K*l06fc»orEK*^*»©ttmi7-Kaill2i:, EVH&lO 

©K«* J f-l20t*Jl3k.XV^. lB1S*-?-l20»4, Hl4K^jr*-J:5»^ as 

^h/p>o#«i02, 103, io4&Z0mzffl*£inxmtit£tixit'*>. 

[ooo5] ^*5, TMR^ftii, mmv&mm mm&mmm) tvx^h^^vrmio 
mit^(D^M^^^xh^^y<VTmio3^mmvxmH^h>^mm^ 

iS®tD«V\ r©fcfc, GMRfft^&#-r5MRAM£Jfc$fcLT, <fc«5ii5V>ffl;*j£^ 

IEft^*^T^-fe^iSft©|fiJJiASSl3#§tbT^5. 
m^JfflbfcMRAM-Cfi, Wl4^-^tryb«ll05i:#3i!7— K<ftl06fc*aESr«E 
•frt^io-C|g^-rS«^a#^«tl9 % IEtt^^l20{Cfe^6^JSl04(^M 
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TMR^d^SffflV ^fcMRAMtC^UTf'i % *B#fF^5629922-^-&5lM3:#|H?¥9 

-9 1 949-§^*MrifteH^§;ivcv ^ B 

Wtfc^l :#S#ff : #5343422#3lito# 
ftnXWlS : %?ffl ¥9-9 1 949-B-^ 

mm \z£^xmti&mio4<DmkJjfa&&7LX > mm^^t\^x(D^mm^-i2o 

[0007] £fc, lBft*^120«rJ:Di«^fkLrMRAMO*^aW*«jb*BaS^«)t!: 
tt, 8E«*^120«:#/Jvfk$^rSiK>S35S&ao — ft. «feWtUfc$*£\ 851**^12 

oiz&tfz>&m$kmio2, io4<Dmm&ftftfa<Dmiztti-zmfr<Dit(Tx<<?hit 
[0008] ^f^m^ml-c, 03*sj:^ig4(a) K^zotm&zmttfim 
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^IHti^^la. lbSHix.-CV^o CC-^ ^-fStft^la, lbtt, «|?-Sr38^S*<51 

0- cjr*»tt«S4feaH4Ji4a, 4b£, 9R:RtiM£J|4a, 4bte*5J*;5?KJMc < J:o-C«frfb 

^|Saa$aC'fkrr5J(Si©l*BMii4a, i4bjsJ:t5!KioMMii4a, i4bo*ffitcE 

#TMR^S20a, S20btt, ^2^tt^(^2©^^)8a, 8b£r£ti>» 
^Jia^Jf £;ft/C#|j&£;ft/0>-5 0 3-»W*£Jf 4a, 4btt, TMRJBIS20a, S 
20b\Z&VZmm ffi Kl»ofc*|R| (|i53 0 *» ©Jftffi LT ittSEi-*^ IrJ) Srto^r ft 
fcLTEaa&fVCV^o /£*5, #m^attS4a, 4b©£-*l|fcoVvC«:, 04(a) 4>M 

*3v^r-?:ix-etm#F, G-e^-r 0 is«-t/ni±, #s#atee4a, 4b^ x a 

i&fcryM*5a*5j:tf#&!7— Ki*6*, »5itryhlil5bS3«ttr#ji!7— K«l6i-C)t? 

[0009] Z.<Dm&&tmT&Z.k\ZL£» > »i&lfyHI*5a, 5b*iJ:tf#j&!7— H|*6©3K#K: 
mx5«^-£oT#&t:VH§§l5a, 5b*5±Wi&!7— Fi»6©JSHK:&U**JfcSr 
S-gtltt&f&f 4a, 4bJ:«5Jfe5BBflt8&rtJcfflCi&«>5^36S"e#*fc«>, HfrUMca 

^t^-c^^i^fc, #iiSftspSri«Je)Swfcas-e#*o ££>l^ — *f-tf)TMRffilS20a, S 
20b, *Jj;tWBitryhJl*5a(5b) k#»!7— KI*6fcteJ:oTjra»;h£— 
MU|4a, 4b^*ve«VTt-*--*t©SE«*^la, lb«H»*TlBlt-fc/l'l&#J* 

1- ^<b*{-, -*J<OfBtt#^la, lbiS«.at^Wttt«4a, 4b ©-» (##3Mfc34) 

* Id^JtfelEtS-fe^^lttSEUr, «-aUfttt1£Ji4a. 4bc7)#fc^gp{i34rt^*3^a 
*«fflESr*^:$*5^t*s-CtS3©*, £-3&:0M8£ttJi4a. 4brt<©4HfflflKfcJ!.16a, 

i6b(H4(b)#Ba)ogftigsriiift-rsit^-^#*. utaso-c, *n«*<z>38^is 
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«rff5£fca s -e*£o --"c% ttnmttt. mmmisati^ 8bti4b) (omtftfa 
H4Ki*jtts8ait*^ia) &m*-, -^<Dmftm&m4*k-<>(Dmnmi&)zm 

^*ISafr20atfcJ:oTlbryh©1»**|a«^«IB«*/WK:ov>rfcP«^&5 

o 

[0010] t^6-C\ ^«fc5 #©«!R«ttJi4a, 4b£S4Hr <&-$B8r#^-i-S#Afc<OIB 
ti-fe/n-Ctt, «HfcJt(8afcl4a, 8b£l4b)©fl«fc#fafc5*&&*3DRK:» — 
^^^4a^TOr5#iilfyh«l5a*3j;l^#^!7-m6t,to^0^att 
)!4b^^ii-r5S : jitfyhi8|5b*5«fctJ«#ii!7— K&6£^;h^;ft/*&®^£tfc#& 
-f 5«i&Ofctf>, #IS'D»#^la, lb&^3^— #SK*j£r*::W s K£JbB 
iTfcSrtt^oT, 8B«*^lafi!l (#i&fcVh»5a:fc«fctf #&!7-Ki»6) ^ 

Coon] rrot&s^giu-c, 3&9§#fcH:, mi&misittt&te > ^oiEti-fe/v 

lK:BBUT«#W*l!:»»*Jt*, a&10>J«««14a. 14b(p|4(a)#HB)<0»*fc 
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[0012] *&wn, fafa5wam^m?>-xt££frtch<Dx-&<9, *nmx%)*$&<mmm 

[0013] *&wKmz>m^m'm±M^ m^m^^i^comm^oxm^th^ 
mvtmvkmk. mum^m^miz.^if^mw.mmc^xmit^tmitir^mi 

n<mm*b&tzb&z, ^ft?ti<Dmm*m%ftt>^mn.mmffiL-x$z±\z%i 
<o&^ *<Dmm&mattfa<7>mmmKx\,^vtm%mi*-rz 0 wtaso-c, m 
vm&mtx. mnm^nHmz.&mx&zmi<z&^xmmm^ftZftz>zt 

j:n\zte\,^xm!kTzm&<Dm4kmi-i's;AsXi>£\,\ ^fc, m^n^mm^m 

[ooi4] ^^g^aa^iE'it-fe/Hi, mR&wii£iiz>m±<Dmmz.£^xm*> 
M^m^mt.mum^m^mK^n^mm&mzx^xmit^mm^t-t 

^-gc^r^^st*^* (Dm^m^m^^^xm^ti. muz®. 
m<omi<Dmmmn. mm&m^tsmKttvxm-Miz.m,wiistiz>b&K, ^<d 
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[0015] z<om&, mtmm^x^xm^z.^n<D^^mit^ti^^^wsnm^<Dm 

[0016] £7*:, 0. 5nm«Ji30nm«TO«fiBBrtfc*aJ:5fc^fei^lfi«W<Off^Sr« 

[0017] £^ «waiii«attJB*s«*©isinE«ift»cj:orjrd>H, ysflE«{R<DS*»#, 

[0018] m^mi(Dmmmtm^z.m^m^m^^mf£m2<Dmmm^/ux* 

[0019] <*e,m, mmmt* %mi¥m&m<D~mmizmm£nxmik*fo<Dmfe£ntc 
miam&mt.* rnm#m&m<ommmiz.mmztixm&m2<D®mmk\.xmm 
irz&2<Dmmmk&ffizxmzmmtt&mf&u wmmmft&mtizmzzmmiz 
m^xmmmm^mmtfL*rz<Dtfi&iz.\s\,\ ^x\ *mm\z.*s\izimm 

tits — jR^as^y^y^v^wAiti^^i-s-^ssv^rroj, ru*>«v^tt««6« 

^mjEffi^^ THighJ , TLowJ ^T^£*V52#rtf ^„ 

[0020] *fc, *aaa»2<o«ttSJ;5fe^^©^#^^fflv>x^iai(ii©«MSr7^ 
[0021] &mw\z.&zmis.**:V7 ! 'Uxn. JbiEw^Ets-t^t, MfE^tur 

[0022] ^IBM^SfBlg^feitjqK^^IJ^^fciJxtf, SS#£3§3l£i*:51^ 
^^^bi-5Ml^aMi3j;^10^il(D«ffi{clBlS^nfc^S^m 
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[0023] ^mzmm^^&£v t mn.**vy*/ux\-£fr\^ m^m^^t 

[0024] W tc#5|E'»-t/v*5 ±tW»i***!Jf*/<>f WtaoTI 

[0025] *|8W}iffi*IB« J fe/V*5J:tm^ i E-y7 f /W^^J:tl/«, *<DB-frffi30a. 
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[0026] #3893 fc«*1B|Tfe/i^3 *xmt& s ey i f'<4xte. ZtilX % attttt&JISr 

[0027] ##93 icifii*iai**/w*3 it«»^*y^ v^tciHfi, Sgi<7«8£Ji 

[0028] *3S W fc«SfB**/v*5 «fctf»5y*y^^tcj:ix« % ?NK1£JB t. # 

^m^^t^.-M(Dmm^^ti^nmti^mm^m^xmm^mm'^ 
mim}$.vtcz.bK£K>. h^^mwz^c^n^mmm^mmmtvxmm-r 

[0029] £fc, ^w'iZ&zmm^^&zvtmn.^v'r^xKxtii*, m2<Dm&mz*> 

[0030] [Hl]*»K©^lfe©^lfifc«5a^*y^^M©^^J*^i-^ny^H 
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IE|-e£>5 0 

[04] (a) — ( c ) fcm2\zmisitm&^^i<Dv-vmz-fe<>ftmmm-?&z>o 

<agB#TO0-c*>5. 

[H l o]H 9 (f» ^^-^^A-cfe^^-fe^-r^-^HI T*fe5 0 

[ W 1 l]^^AOB1t* ^OVNTCD^-B 1 DJ&flMI 1 4a, 14b<^ff^ t^r#iim 
rai2]^-r-7 P B<^iait-fe/H^oV^-C<D#^10^ejll4a ) 14b<0JS*fc#»i&« 
[g!l3]^>r> ;P C^|E , if^/H^oVNTc7)^l(D^^®14a 1 14b<0#*i##3&« 

[0i4]©ti*^i2osr^fcbT^i-^3teo«»faift-fe/i'©wfffiig-T?*>5o 

[0031] £AT> ^Wo^^tfifcov^xHiB^BBLr^JjptiSiK-rao 

[0032] *-r % Hi-Hr^wuT^i^^ifi^^aai^^y^w^Mw^fco 

[0033] FUfcijrfJ:5fc* ^^^U^^Mfi, 7\ns*s<y7T5U 9*— ^^7r52 
x WfPo^5^a853, |HH-fe7>P54, ^l<D|gij]^J^Il]|^^56*3cttJ J ^2^ilE»]^J 

$P[II8Sg|558S:<SjlTV^ 0 
[0034] TKW^:V7T51hi:. ^H»TKV^7^J*F-A0— A20fr^l^> i©^MBJTK^ 
A^ffi^AO-A20d>P>^«3iiA/f£TK^ft^ > Y^'|plTKW^57^bX^l 
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[0035] 7*-?s<y7T52n^ ^gflx-^TOO-DT, AJ3'<y7T52AS3£V WX'<V 

^60^UT^2©iESiftlJ^le]j^|fP58^g|^tt > Y^r&I#jiffi7 ? — *v^61 

, A^^^5/^r52A*i«ttJ?W^/^5/77'52Btt, WliPnS*y*»53)6>&fM#fB#*Sl5 
3AS:^UTA^JbfcflHl«Iflr*^oTftfti-* c 
[0036] fM»o^^aJ53tt, A^ffi^CSfcitfA^^y-WE&fll*., ^<y7T52 
» m0IBIbttJffiD3&lffi56:fe£tJt$^ A 

3\ *3J:t^A^^WE^LTA^Lfci#iifFBr^-i-{cS-JV>T, A^^^t-5 

[0037] |B«-feA«54tt, BGfiE«I7— KKb^lft (x^fpj) feitftVHSfcfrfR] (Y^(r]) © 

[0038] ^K7)P»J$(JWlHli^$P56{i % Y^lRlTK^T'ra— y(HlK56A, -fe^T^IUl^ 
56B*3<ttA r ^|6]^W>'hK7-C^'tHlSS56C^L-CV^ 0 — ^ |&2cD!igt&f|i»[E] 
iSfflJ58tt. X^-fpjTK^^— ^@SS58A, ^S^[lIfig58B*3J:rXX^-fp]^V^h 
K7^^lHl8&58C«r#U-CV ^ 0 
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[0039] Z.(DW&, Y^I^TKU^a— ^|Elfi&56A«, g|7^i"<t5t-, Y^TTl"* 
^57^bTA^UfcTK^-^fB-^■^S^V^Tt>^■r3-Ki^71(••^ 71n, 71n 
+1, ••O&StR-TSo — *\ X^rSjTKu^=-^H]{^58A{t, IHIgl^-rW^ 

, X^|BjTKU^iH55^L-C A^LfcTKW^-i^S^V vC!7— K^-K^72 ( 
72m, 72m + l, • • • ) ^jl^-fSo 
[0040] *fc, •fe>'^TV7 P IlIi^56B*5j;^m^lHlSS58B(i, fElli?/H¥54(;i*t-r5i! 

ta«j^i^^^W)-r5 0 -fev^T^(u?&56Bfi, ni7^-rj;p^, # 

8gtt|tVNS&13a, 13b§r^U-C|2'|g-fe/Up54^i^$ttT, SStfJIftfl^imi-^SS 

®jfpoi^^®gwfyhiiii3a, i3b^^^gtJHm^ (sBit-fc/n ^M^icHim 

OgS56C«, 02^-TJ:5(c, ^tvhi^^lffim^a^i^^t'^hi^sa, 
5b(^r, ESUL^v^^^«r*^^^>hi^5j^v^)^bTl^ti-^r/^i¥54^ 

^JlT, #&®jf1^^~*&lfs'H£fc5a, 5bSr^UT|E'»ir/H¥54^»^*^^ 
«^-r<5 0 ^^b-C, X^[6]^U^hK9^[lIi^58Cfi, #&T7-Ki§!ft§lffi*4&4 
l*5j;T*#a!7— Klft »C*5tt* rjRi©*&Klj ) 6^UX|El3i-fe/Vp54tC 

^^nX,#^»J^©l^^#^t7-K^6^UXia'lt^P54^»^«m#t 

|§^{C*5{tar^2W#jii||j)5a, 5b^#iiS»fC^ia-r^o #3itVMl5a 

[0042] mn^VT'<jxM\z&vzmnw&mmmt>zmm^\^xmw-r 



WO 2005/020327 



13 



PCT/JP2004/011832 



5o 

[0043] IElg*/V'»54©*3i»^^«^S«0^an#^«'t1j^H^fc5o 

iUili, + Y# A tcjtei-5M<k-Y;£ A te3G^**M!fctoWcfr ft 3H9e« 
a, 5bj8*Y*iate»oTifflfctKfc®fiEU a»o##j&tryH*5a, 5bt, #ai7— k 

[0044] £fc, ##&fcVH8|5a, 5b©W«ftfc«:, **l/€ft^lfyh*§lttiWI42a^ft 

0±flB©»i&lf a««42) #Y#ft#W>*re^|Ell&56Cfc:^£;h,, 

f&*(M^tfPIS^^T«a^^tfy^5IWm^2)^^^^^$nSJ;5 

[0045] #|Bttt*/H»4, 02, 3Km-f-£?^, #ttt&tt/f 4a, 4b(i«-t f rjH«SW4®4j 
^V^)^J:0 ? -*j-oa^^^^#:20a, 20b«^TV>5 0 3-lE«Mr 

^■10^A/T\ #iibryMft5a, 5bfc*5i!7— KJ»6tw#^^H«fc-t*vPixBE 
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[0046] z.<d^&^ mmmm^a^ m4 ( a ) izm-r mn.^^m^20a(Dm 
wrtk) KM^Mt^Km^^hm5atm^-h'm6tiz^xm^fixm^ 
K&h/o^, sat, m&^yhm5atm&7-h*M6kcnm, m^^yhmsatm^m 

^fcry^ilS5afcJ:t^S^!7-^m<!;^^i±g4ai^tt^^(cm^i^-CV^5= 

#iZ 5 t^^^^5b < ^#JiE7-K^6i^«toXm/5^T«^^^TV^S 0 r<Z>|§£\ 
mttJi4bfi % |^EI^^*3^5T^#:^^i^^jf 14b%^-T5o £7^ 
fcVHS£5b£#&T7--Kgil6te, Z^[S]^afe/^-ClE^$nTV^ 0 £fc, »&t:VKS§l5 
bi»iZ,!7-K^6^coPfl, »^fixMft5bi^W^4bi:(?5W> S^U^&^-K 

iH6t^»ttJi4btopfltcfi, mmmb^^t^i^nx, m^ybm5b 
vx^f, G<Djjfa*- : §k£-&xmn£tiz>b&i^ sv^s:<^H^tL©#)itvb 

M5a^iTJ«*ji!7-Kili6i:,#iit*5/hi^5b*3iTJ«#ji!7-- Ki^6i-e^tt/c$P 
ftU^T, rJfc^-^i34j<l:tv>5)^Sv^^^i-5J;9^*^^TV^o JrfrittM 

-owMM(m4(a) ^(cfcv^«. mvtM&m4a<D*[Mmtmw;m'\±m4b<D& 
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g5^iil4 a «|^0^^43^5>G-4ISfl!ldS*^*p^34^^^ ftiaJfflttJil 

4b«[^0^^*5^5^#J^^^r*|5{434^^TV^o tOig^, 

mJH4a, 14b« % #^(D-*SM(^l<D«Jil4a<D^'MJ*5<t^l©«Jil 

[0047] — *\ OE«ffi|fcS6*3Sa*20ar±, BI4 (a) M^rf-J^Kl, fgl<OB£ttJl2a, 

/WVJTM CW&BB d*3tt£ T^a^S J ) 3a£S J;tf »2©aaH4JB8a C*3&93 KlJfettS 

*^SJM234t^mfc^F-^J-C^$n5$5fflrt) <B*ffifcU fg2tf>MJf 8a£ff|l 

o«OTi4ajc*«wtcs^^^ffii-T?E»$tb"rv^ 0 *%nv>mmx\^ - 

So «^SStSft*«aff20a«:, Bl^itlMat*^, TMRR 

s20a(&&wfc&tfz>rmmm)&mj&Tz a ^TMRiKs20a-eji x mmmnM 

[0048] EHSteUC* «&|g&3Wft385l#20bra\ 04 (a) «t5t-. Kll<»t£JS2b, 

hv^/w^yrjg (zW&k jcistt* r^i8*tt/f . ) 3b*s j:t^l2oflkttJ| 8b (*&w ic 

&vz>tm2<DffiMm} 0 &>t. rm2<Dffimmsb]kb^o)&z.<DMiz.&&tzmn 
m24*±.\zimm£tixm!8.ztix^z e */t, mm&&8>jm&ft2Qbn, mwm 
mm i4bfc&i-tz>*$:U-£tin%:<Di&B mm * tc&v vr, ««an4J»4bo*ffid 
a35bt*w«fwac34t-c«**Lfc«F#K-c^$n«ieB8i'3) ^20^ 

JS8b*»lW^»14blt«^Wfc^§-arfc^1!e-T?SBIS:$*LTV^ 0 *£«6<Z>Jg 
JB-Ctt. — 09fcbt\ ttft«£B8l*38^fle20btt, ^10^agl4b^4 1 4ig|J^ia 
WZtiX^Zo Z.<Dmf&K£<9. fi*5tfStnaft*38m#20btt, SSl<0J*HBJSl4b£# 
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TMR®IS20b t*mWK&ttZ>rmmfti)&mf&'tZ>o Z<DTMRmS20bXl^ 

coo49] zvwrS; mi<Dmmmi4 a ^xfm2(ommm8 S i^ K\,^mnmz.tm&& 

ifc^LTV^ — #fgltf)S£<|4Jf 2a, 2blt, Mikjjfatm-jf&U^ibmM 
£*l/0^5 0 04flj:, TMRlg|S20a, S20b<DmMi&&®.W1-?>ti}sbK, TM 
RMS20a, S20b£Jl ffl^M^lf J&^J:9t^#lft^*#<if SILT^-T^*^ 

f&i<z>«Jf i4a, i4b^jp:^^is<D^(D^^oji:^«t«?^*j^^ff<it 

[0050] TMRmS20afi^®[g{CSii:^^](7)«iE^l(D^|4®2ai:^2(7)^a®8ai 
<0|Slfc|S|WjnUfc££fc, ^1 oa-|±Il2a*3j:^2cD^@8a(D^O-^©tt^ 

h^/^vTm3a^^mnxmi<Dm^m2a^xx^m2<Dmmm8a(Df^(D^ 
?±xmmfa±&m&*im\zMf&£tix\,^ 0 z.<Dh>*^mmn. b^/^vrm 

3at<D#®aJ^-^*5Jj-5^1<7)a^2a0^t ? >'i:^2^)iSmS8a0^tVtC)t@ 

M&jteftmzx-oxmk-rzo mi(om^m2ei(D^'^tm2(Dmmm 

8a^*t;V£/ra^U:¥m££#ld&^^ 

*tt£Z> 0 TMR|«S20bt£O^Tt>|ig«|-T?fc3 0 rfrib^fctfttSrffll ^*£#t 
(MRifc) =dR/R 

[0051] h^vm^^*J-raffi^ii(^T, rt^/HfifctRtj ^v^= ) fi, 

^•Cfi, TiS^sS^-TJ:?^ R^w-*!JTji3a, 3b<75Bgjrm*j-b-C^£!cl8 
Rtocexp (2 % T ) , x = {8 * 2 m* ( <J> -Ef) 0 " s }/h 
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tf^ilfiS&MfcfcBISfcfctett, h^HSJftRtf*, lOkQ • ( M m) 2 £*T> $6»Ki#* 
[0052] fcja, £-h>*/W^TJl3a, 3b<Dm%-T&n<-fZ>^t'ia:V), h^^A«gtRt«rte 

[0053] jfcfc, TMRJBlS20a, S20bf*. ^#MM»K«JfcftlVCV ^c*. fl©t 
&M2a, 2b<DVmJj&m2<DffitiSim8ei, 8b<D{%mX£9h*Z<t£Z>£?lzmf$,£tl 
TV>5©3Ssa*UV\ AfcWfctt* $Sl<&WH4Jl2a, 2bOfiy»^7fi, (50/4 re ) X 
10 3 A/mJ;<9t^V^^M^U<, #^(100/4*) X10 3 A/mJ^±T*$>5:i2; 

l^*o^»&WllF"OJ^»S:Stt5©S:B&Jh-r5i^35ST#So »l<«ttJB2a, 2b 
#J*.tf> 5nm05i?:^<D=ixWbfife^(CoFe)-C«^$tl/TV^5 o fklc, 

(Co) <t\' n/^h £ (CoPt) , =y^/Mft=>'</l'M*'& (NiFeCo) ^ 

-e^l©^®2a, 2bSr«rft"t-5rfct>T?#5 c $20«ttU|8a, 8b(i, 0]*.!*, ¥ 
#<£>=^/U>h (Co) , a^-W^-g^ (CoFe) „ cnyVVb S^-a-^ (CoPt) , —y*rMfc 
(NiFe) fc£V ^»^!/^vHK=i^UKg>^ (NiFeCo) T^^^r £j&5-C?#S 0 * 
fc, fRl©«tt»2a, 2bfc<t^2WiSa@8a, 8b<Z>«tfBSS«ir±, W,\<F>VmM 
2a, 2btSS2©^aJi8a, 8b^^TO^f^^5lV^cqz=ft*fc«S¥ffi:^5^ 

[0054] mvtmvtm4x*i-±. ±&vfcM&\zM. w%^yhm5$5£xfim&y~-h*m6\zL%i 
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a, 14b<D&mtl&, (100/4 7i ) X10 3 A/mJEilTO*fiHF*3Hl33V>TS|l<0«Ktte 
2a, 2b©^^«tt)'b/jN$<**J:5^#|^*LXV^O*sa*UV\ (100/4 tc)X 
10 a A/m^^5i9^a^Tii,#«#O[^#^i^^5|^(Cfcnt5#ii 
*W<^*WBBi-<«&*WiU:»J, TMR^S20a, S20bi#©^k*S5iD5RriB 

»4lc£*£ii:Sfc«>fc, ai*tBtttJB4««aWW:J:5^*v^3as#*LV\ ^ftefcj 
JCtt, 2000E*_b&SSmX, 6000a±T?*>«rfc3ftSJ:»J»*UV\ 
[0055] ££>lr, 01©^m®14a, 14bOJBI»H:, 0. 5nm^Ji40nm^Ttf>fKBl*k £f£ 
IX«0. 5nm«±30nm^T<O«fflrt^ia:^i-5<Z)*S#*LV\ 9Sl«>ffittJll4a 
, 14b^J?%rW^fflrt^^:(BS^)'r ; 5^^«t l 9>^10«ei4a, 14b*5£ 

&y-Ki&6:fcJ;U^&l^H&5aK^ 

"t*5i«*0#IHt) fc, St ««tt»4b«rjr3ii-<5*ii!7— KJ»6*S J;tf #&tf 
>&5bl£2ifEi-##&m^t^tm(iEl&^^ 

[0056] ffill>J8ttJil4a, 14b<Dff*#5OnmWJ:<0£:#fctt, fEtfcSf^f-laflll 

<^or^^^^^<^Sfcfe,*^«^(D^ff^^/j>$v^1t^(la*3j:^lb 
©— fcafrLTb, »3A«^W-^f HII»S*#V ^HHf ^- (la*3<tU«lb(^m^) fcPI 
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— ®ak»*ix5fSlfiJ«r*i-. ff^.^30nm^TOt#(Cf4 % fEttefrF-la. lb 

[0057] «&lfyHi5*Jj:tf»a!7— K»6f4. — #I£LT10nmJp:<Z>^WTi)£, lOnm 

[0058] f»«asWlbf^tw«fc)5«fifc»J:oV^ HI3, H5*5J;tWa6«r#flRb-rfaW 

[0059] 05lC^-t-J;9l-, *IBtfrfe/H«, ««©»W!7-K|ftl2fc**©f(lSttJ^S'hilftl 
3a, i3bi<7^3£^6KIEIS:£*vcv>So EI6^-r«t5lc, fatten iz 

*3tt«45-|B«*^la, lbtt, -^tO^aybdr— y^-K75a, 75b U^T, *t-T 
K75a, 75bjH>V^ 0 )^^^7>S^110-bl-, — *f©fllftC»0ttft* 
3§9Lft:20a, 20b, iiWttJf 4(4a, 4b) ©Jl|g-C^$ttX#|j*$tT,-CV ^ c 
«-1E«^H(la, lb)<DTffi(«I^ffi^:S&*«m*20a, 20baS^$*L^ffi!l) 

K75a, 75b, *3£t*frg8RJBl3T, 13T&;frLTffefctlfcVHi&13a, 13b 
fc-tiv^nSSHEStb-CV^,, — £\ ^IBttSB^la, lbte, 03, -to 
±rfff («a^ttS6*38^#:20a, 20btteK*HRiJ) j^ffi?— K*12K:«8R$*VC 
V>5 0 rOi^. #f»WK , yhi»13a. 13bte, #|21t-fe/HtC*5ftS— *ftZ>fElflS& 

^ia. ib<D&*iz.mmmm&&n@i-r2>*><D'?&> i 9, ms^-r^^^mmizn 
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[0060] ^-f^-— K75aWc, 06^i~J:5fc, X1S26, 2^26Jil£|ftJi$;h/fc:Efc^^* 
25, j8j;tf^lf^>^A'Ji25±|CfiWBSttfci»«Jg24aSHIIit, ^m®24a 

tcux, *vra— K75bt>, piHm^i-J:5te» Xl£26, s^26Jb^ii^ix^t o 

^^^/V^25, *5iTJ«^t 0 ^^v'^JS25±^^^Hfc^mii24b^X, ^ 
M24b^3ilf^^^/^25t<OK^^3yh^— |^^S^$tL-Cfli^$ix-CV> 
5, K75a^-C^— HTSbifi, l85Cj£fct#l;£l§^ft:20a, 20b*5j; 

vvrtaiav^m&tttei^savcvao rapwdavvc, «f#iia. i7A, i 
[oo6i] jfetc, isi7^#MbT, ajec^y^^^MtctettsHswttf^fc^fcsiEiasfli^ 

[0062] H7»E*-*-J:5te* ro^^^y^M^Mt?^, fBft*/l^54©fcrj/H?!|ft<DlS 
tg-fe/Hfc, •feV^T^HIfS56BS:^tf^milIfiS^— SUi^ I^tiblHlS&^^^iSU 
^-efcS^^WHlK80("-, 80n, 80n+l, • • -)S:«^UT*5t), £©1|MMR 

K^71(---, 71n, 71n+l, •••)^U-CY^[n]TK^T f ='— ^t«]f§56AtC 

[0063] *fc,#^WWIiJK80t^**trv^#|B«*/V10#|Blft*^la, lb«U # 
* O— *t0>y-f K75a, 75b^UT^-Wi^tUlHl!^80fe(Z>^|±ifcVh 
IftlSa, 13b}Zl^r^ti^^^TV^-5o —Jj, #m^KWlHlSS80l^m-CV>5 

12m, 12m+l, • • • ) fc-fcjh^xSSK&h/t V ^ Q 
[0064] #1W!7-K||12©- flStt, JttLJeix8KWl7*-Kj»5IW«ffi43(ia5 
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*fla)Sr^b-C#tttiJ^f^83(---, 83m, 83m+l, • • -) \zmm$tl s Zb\Z.& 
|^W^^83«*a©^«l5tE[HljiS58B^^$nTV^ 0 *»ffl^fs'f'8 
3{2, !7— K^s— Kj»72(«", 72m, 72m+l, • • •) S^LTX^fRjTKV^a— 

[0065] — ^#»JWtrs/b«ll3a, 13btt,-t<D— «S*SflEffitrs/hitt5ltJb«S44(05#flB 

^mi-^*^,^HiUfc'lt^m^82(---, 82n, 82n + l, ••OS^UTY^' 
I^KtHffi7 J -^^62JcW^7-f-2>atgSr{)ixLTV^o 

[0066] mz. m^^v^r'UxMommc^^xmw-fZo 

[0067] 02, 04(b)*5J;tJ«H4(c)Sr#flgL.-C, lB«-fe/H^ltS»j&»f^tCoV^ 

[0068] |§!4(b) ^-r<fc5t-> »5&17— K»6<D|Bti*^laSrajfi^SlBJ^tJ:*5rt*«eifi 

««E«r«E-f% *fc, #l5t»m^la, lb©3pfrl»^io(Ea2#M)Jc*3V>-c, 
fcVHG&5a, 5b©«»-0[^#3^#5i!7— Ki»6©«JlE<7>|Sl#i:— ffci"SJ;5K:, 

Salute, JK®©#«fiffld*fe*^»c(+Y^ift^)iftd>5J;5fc#3i«i«4rSEU 

. r©^, KlW^la-Ctt, #ttlKi«4a©rt|»^^th|El9^|ft©3aaaK*16 
a*s»^a. — te«*^lb-C»±, «l«aH4JB4bOrt<B5^SB*fHaD*rRlO 

iiM#i6b^^-r5„ mfcta, is«5R^-iat?tt, m<otemmi4a*5i:xfm 

2©J*8ttl8a«)a[^lRl**-X&lRlfcttD, IE«5l*^-lb-Ctt, ISl©fl8fltJai4b*S«t 
^2©lgg|KJg8boai^*lRlAS+X*rRjfc>teS. «-fBft*-7-la. lbtf>#^ 

OaJS (01©*aMBl4afcJ:t«S2(OaWaiJH8a, ^OdHfflff 14b&J:CFft2®jgai[ 
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#aH«lEflSIM6a, 16b©#|Rj*S— Si-*, Ut^oT, R0l^-*-J:5^ 

ft-TSWrtefe*). — *\ ffitttstf^ib-ett, »2©«Mi8b©Wb^iRifcKiri© 
— «fcU"cro.)«sE«i*iv6. 

[0069] — 04(c) ^-TJ;5^, #&!7-K»6:fcJ:T/##i&^yH»5a, 5b(c, H4(b 

4b©rt«»i:P*tfiaD^iRi©aBfcaMi l i6bjas»fei-«. rjucj;^ lEtsirF-ia-m 

, ^10^®14aioJ;^2^aJB8aOa^[p]^+X^lRji:^«5. 
b-CteU ^10^®14bi3i:^20^a®8boa^^/fPld5-X^/[6l^£5o 

-frfc*3VvCfe, #Mti4a, 4b©*^«Bffi34t*W:, #at«E»*16a, 16b© 
#fa(IS]|g(b)<&fctmigfa#)as— Uc^oT, IPlia^i"J:5^ IBIS* 
^20^Jl8a«D^i<^[^^l^t4ji2a^a'fb*-|6lt^2V^^jg 

*[fll^«C5(K¥fi 1 ^5). EttS^lb-Ctt, ^2©«flSJi8b<OWk^lRli 
»i©«t^2bo«^l^^^Sfci-S( 5 MT^j:5)o -w^m, Etfrfe/Htefl! 
(— MtbT r l j ) ^fEtt^Sc 
[0070] ;:<Z>*£\ IBtt^la, lb-Ctt, fgl£)*&ttj§2a, 2bt^2CD^aJB8a, 8b£<D 

^lafcitflEttS&^lbW:, ifi&i*— *3Wfi^tfc*5, ^ofk^ilJffi^&o-Cli 

urns*, dto<omfcjffat*mmr?\^ ^-**>»##l;Lf4fr;bax&v\ 
[0071] Hi. 7, 8«r#RabT, m^^Vy*'UXM<DmmW}mz<>^XWLm'fZ>o 

[0072] *i\ TK^^^r51^LrTK^ft#*A^bfcY^'lRirFW'^7 f ='— ^ 
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ttxjiut^KT^m&ttBn, mmztix^^mm&yhmza, \zb\z.m 

JESrF-PAp-TSc ritUcJ^^gBli^la, lb^*5Jt5TMR^S20a, S20bcD{l!l^ 
tVhlftl3a, 13b)t!7-K^='-K«|72(o*l9^tjbJ!7-KI|l2)tO^^^IB 

m.^KD^mxn, |5ttm^-la^*5VNT^1^14M2a^20«/l8a<3D# 

mit^m^w-ntfj:v,u^m^-ibK^^x^i(Dm^.m2btm2(Dmmm8b<D 
i^mm^mi^^x^^ 0 mic^-bx, Ei8(b) iz.7F~rmm-£^i<ntf:Mx^ & 

ISltm^-la, lb^*5ltSmi^ttii2a*5j;t^m2^«ii8aO#m'fb^lR]^|^ 

[0073] — -fe^T^IUf&SeBfi, ^-fEltlH^-la, lbW^^C5«^*<DM^^ 
^XT>'^|l]^56B(i > ^#Lfc'lt^^ffi^/^^T52B^br«^^ffiTO 

o-D7^ttj^-t-6 0 rtLicj:^, iHttir/n^iEit^nTv>a2^if n<Dm&m& 

[0074] roa^^y^^^M^itL^, mm<DW&&yhM5&, 5bt. Itl 

p>o#5ikV^5a, sbt^-^^Mi-^^tcMS-r-s^^s^-K^ei 
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SMI*., *»o±|BLfc#fifc©TMRJBtS20a, S20bi, »i&KVH»5a, 5b*5it>*# 
^!7--Kj^6^'9iatf^^ttJi4t^t>±|B^©|Sti^^la, lbSMtxi/i: 
CirlU^ #atryH»5ai3«J:tJ«»i&!7— Ki»6, *fc*i&lfyM|l5b*Jj;T/»ji!7 

a, 5bfeit^#^!7^Klll60^^^^nS«SfEt-±oT«ji^s'hJ»5a, 5M8,fct* 

-*fw|EtS^la, lb^^a^«4<7)-SP(*^^34)*Sv^-*^r-r6J:5 
»c«jfcUi:£i:fcJ:?K ^TOttg4a, 4bfciliMUT«mfc«riteifctfcLT. &mt 

#^'l4J!4a, 4bftO#il»fcB£#16a, 16bcD5&S£^-f-£r<t;&S-?#3 0 Lfc 

[0075] §f>^ IBltlfl^la. lbfc*3tt335l®flSHKJil4a, 14b(DJ¥^0. 5nm^±40 
nm^TW$5HrtlC^Ufc^^^<9. 2fgl<Z>JffiMl4a, 14bSr«ffiBli:UT^5t 

Sr[p]_h^^r^d5-c^^ 0 f!l£«£/gl4a, 14b©J?*&40nm£tTtw&3£ 
Ufcr£icJ:B, &wz&&^5Rmft&WPTtt#>. KttSK-^ia, lbic^-f-s^ 

fglO^aJf 14a, 14bO^Sr30nm«TK:a«Ufcri:^J:>J, 
ff*jcS*i-5KS**iS*e>tc«i>i-SfcJ6, SattSK^la, lbfc»i-5##a«- 

o 

[0076] #i&bTyH»5a. 5b*3«fctJ«#i2>!7— K^6^>JlHl^CS^{c:ioT2V> 

B£/g8a, JBlO^»14bfe<fcV»2OifiHK»8b)S:«fifcUfc3.t^<fc0, *W> 
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Ufci#fc*aMK8H4JB4a, 4b®£^r^34lC&ft5#»fflttJll6a, 16b©|Sj* 
Srff ^at^5Ct^^tS^«>, #***WH4Ji4a, 4b©#*«Wft34rtHy3W6«lJK 

I8#i6a, i6b©»aESriS!fti-*r.fcAS-c#5jg^ J#/h&fc#»1t«teJ:o-cj« 

[0077] Ev>^»WJ^iMS^1l6^^*T,fcSli©^»i4afeJ;r/jS20 
JfflttJg8a£, »l©i«^«l4b^J:tr»20ia^8b^Sr#^T#«aiaS^|j*i- 
&m<Dmmmi4a, 14b&#»:ttt&<l4Ji4a, 4b©— graSfifcUtrfcfc 
#ja^^J*«#2©JflM*8a. 8b<7}*m£LT#W<75ii5^*m£51 
^6rfcs6s-e#Sfcft, IBtet^ia, ib<^a^l£^^£*t<t-5-<tas-e£ 

So 

[0078] fc*s % *ISMtt, ±!BUfcateMi©»«fclSJ&SJx*V \ iiaUfcW&l?** 
y^V^M-C«> A^8Kttil40#IKlomni4a, 14b>*K, #ft20>JAttt 
Jf 8a, 8bM*fc«*©»tt*/Wl«r«JC*tfTlftWbfca*, «ft20>AOT8a, 

l4bi«-»2W«HaW8a, 8bt©Mlc*«ttt»«»«rEISM-5CfcfcJ:9, 
^i&J114a, 14bt#fg2cD«Jl8a, 8bifeRtt«tt3Mr&S«|El»-fe/l'Sr1ll* 
i-Srtt>-etSo Sffc» *5SM©H3»0^«S-Cf4, TMRffllS20a, S20b&fiM8fc*J 
J^«Ktttc»fifeUfc«a»fe/i^»c**W4r3iffl LfcfllKol vcfftEUfcj&s, #TMR 

[0079] ifELfc^^y^M^MTii, — *f-OSI«ittf4JB4a > Ah^-t^t^ 

— Jt©HttBH4JB4a f 4bfl&8-*0>— »fc#tf««j*»CJ:oTll*yh©fll* 
S:CflH-5IB«ir/H fc#»f"CR93 Lfcj&s, #J;U:£I*I4 K*3 its 1 ooISfitt 

sb*»m^ 20at. in ^ ^*3t tsi ^xon^mmmAzit ^m-r^w&m^ m*. 
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■r^Zt^X^o^<Dm^^l<Dmmmi4a, 14b©/¥^£0. 5nm^_L40nm.£* 
TO$SB(^I> #£lXf*0. 5nmj^±30nm^T«^ffl(^^Xfe:-r5o Z.(DWr 

[0080] tt, _h|5b^|E'iHr/H^MLX, |Sti^^la(^{i|Eltm^lb) >HJ-*5g 

a, 14bOJ^£0. 5nm^_h40nm£iT<^|5iai^($f^b<«0. 5nm^_h30nm£J 

[0081] 30fc«f!l«r*JfT*3SW«r»jtt^«Wi-S 0 
[0082] (H^l) 

$«tb^^^b^^A(D^^tejg4^?ffil^i-5t*^ % r<D^^A(D^ 

^a-ttJi 4 ^ n z>m i i4a ( 09 * ^x&±& v <Dmm^H^m 
), ^xxjm<ommmi4b(mm^K^x^T^(Dmm^nvitm&) 

#-Ll£\ 5nm, 10nm % 20nm, 30nm % 40nm, 50niru 60nm„ SOnm, 100nm % 
150nm, 200nmfcV>5±5til*Mbfc^©^7 p A<oai^aEi4JB4tCfe»t5#iE« 
^la, 1 bfcov >T©fMI (Isw) Sr-^tb^tL^^U— >3^"C^i6fc 0 rr-t? 
. #]£mi5fc£te, ftl4>JfflttJfl4a. 14b*5J:VjR2<DlR«Ji8a, 8b£>$£te# ft£r 
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[0083] mi 1 \Z£tlt£* 947A&WfcmSEm*?tZ* J¥*Ll#50nmM;fc51!fllje"T?«U 

o 

[0084] mmz) 

Mi±m4\Z^\1r^l<Dmmmi4si, 14b<Djf:^Ll£:, 5nm, lOnm, 20nm, 30n 
m, 40nm, 50nnu lOOnm, ISOnm, 200nm£l^J:5{^HUfc£#cD^:/Btf> 
S^a'tt®4^*5lt5^-|E«^^la, lbi^oV >T<£>*&«i5fg (Isw) tttl^fft^ 
v^a^T^fefec ££>f-> gfl<Z>JMJll4a, 14btDjf:^Ll^^:i6fc#3i®^( 

la^oV^^&WJfeSr^U •PP«|Eltm^ 1 lb(COVNTW»jZ i mm^UTV^ 

[0085] EH2(C«tn^ ^-f^BO^^'tt^4t?(S > jP"^Ll^UOOnm^±<D^-C}* % 

, mmm^-ia, ib<D&m&nm(v/^^ifiXiz<&Mbm^ ^m^nMtm 
iS'it^^F-ia, ib<Dfrm&nffitfmm\zi&Tirzz.kAmm£M a m^-Li 

■Z>>20nm&m*-40nm£lT<Dmmxn. lEItlf^la, lb<D&W&nffi<DmffiM& 
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m*Llfr20tun&mz-30nmSX K©fciJfcTfS, lEtS^la, lbtf>#^&« 
^O«aE^tt*T^$<*Sr^as-fi«B$n5 0 — J¥^Ll#5nmi£A_h20nm 

[0086] (H^3) 

^•|4jB4}Cl*3(t5^1^^Jil4a ( 14b<DJi:^Ll^ > 5nm, lOnnu 20nnu 30n 
m, 40nrru 50nm % lOOnm, 1 SOnm, 200nmtV , >5J:5{^HLfci:#CO^-f^ , Cd 
H*t«ttJB4fc*5rtS^IE1t*^-la, lbfcov^r©#ii*SK(Isw)S:Jttve*i/'>^ 
aW- v'giT-jfc&fce SfclC 9Bl^>mKJR14a, 14b©ff*Llfc#«>;fc*£«i«( 
Isw)iog|«Sr^i-«H4BI(BIl3)«:f^fifebfc. ^H^l^v^ OPflttlBttr*^ 

So 

[0087] Hl3»Cj3h,tf, ^7 p C©|||^flH4ji4"CH:, J|C^Lld550nin^±^fB^4-e«, 

K)izX%\<^k&$m&tlZ>o —Ji, J¥^-L1^40nm^©x.50nm*^^^6-e«, 
la, lb(0«.#5i«SEdS^HBT"rSt>0<0, IBtttsR^la, lb©#»3& 

So JT*Ll*S40nm«TO«i*-Ctt, 15**^-1 a, lbtf>##&fi;^cD«9ft 
2ia*«*>* !C/jN$<*Si:fc*fc, sEtg^la, lb«D##ii«i«Sr2. OmA£*Ti-*- 
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